Semi-rigid flexible introducer-guided tracheal intubation is associated with pharyngolaryngeal morbidities. We compared the practice of railroading a newly described modified reinforced silicone tracheal tube with a built-in guide channel in its wall over a non-kinking guidewire with railroading the same tube over a disposable bougie, with respect to pharyngolaryngeal morbidities. One hundred and twenty-four ASA 1 and 2 adults were randomly assigned to undergo bougie-guided (n = 62) or wire-guided (n = 62) intubation under general anaesthesia. All patients were assessed for postoperative pharyngolaryngeal complaints. In addition, voice parameters (fundamental frequency, shimmer, jitter and harmonic noise ratio) with vowels 'a' and 'i' were analysed pre-operatively and 24 h postoperatively. The success of first-attempt intubation and the associated haemodynamic response were also recorded. A higher incidence of pharyngolaryngeal complaints was seen in the bougie group, 48.3%, 95%CI (35.9-60.9%) when compared with wire-guided group 28.3%, 95%CI (18.0-40.6%), p = 0.01. Postoperatively, all the voice parameters were significantly more affected when compared with their pre-operative value in the bougie-guided group (p < 0.05) but not in the wire-guided group. The success of first-attempt intubation was similar in both groups. Wire-guided orotracheal intubation was associated with a lower incidence of pharyngolaryngeal complaints and effect on voice when compared with bougie-guided intubation.
Introduction
Flexible, semi-rigid tracheal tube introducers and bougies are commonly used when difficulty is encountered in securing the airway during laryngoscopy with a tracheal tube [1, 2] . However, when used in patients whose tracheas were difficult to intubate, impingement of the tip of the tracheal tube at the glottis, arytenoids and the periglottic area can occur and lead to failure to intubate [3] [4] [5] [6] . In addition, cross-contamination reported with re-usable introducers [7] has led to a surge of stiffer disposable ones, leading to a higher incidence of tracheobronchial injuries, especially if signs of 'tracheal clicks' and 'hold-up' are elicited [8, 9] . Moreover, there is evidence that these single-use devices do not function as well as the re-usable gum elastic bougies [10] . A built-in guide lumen within the wall of the tracheal tube to accommodate a guidewire may possibly provide a suitable alternative that would make negotiation of the larynx easy.
Guidewires have often been used to facilitate retrograde intubation to manage the difficult airway. In addition, anterograde wire-guided intubation may be performed for the management of difficult tracheal intubation, staged extubation and re-intubation [11] [12] [13] . Recently, Dhara et al. described a new modified reinforced silicone channelled tracheal tube (MRSC tube) with a 'built-in' guide lumen in its wall to accommodate a compatible non-kinking guidewire as an introducer ( Fig. 1) . The tube was found to negotiate the glottis smoothly without hinging at the arytenoids or periglottic area [14] . We wished to assess the use of this tube in patients, and compare pharyngolaryngeal morbidities including effects on voice after intubation between this method, and using the same tube with a bougie.
Methods
Our institutional ethics committee approved our trial protocol. Male patients aged 20-65 years, ASA physical status 1-2, scheduled for elective surgery under general anaesthesia requiring tracheal intubation, were included in the study after signing informed consent. Female patients were not studied as the outer diameter of the 7.5-mm internal diameter MRSC tube is larger than the corresponding flexometallic tube, rendering it unsuitable for women in our local population.
Exclusions included: patients needing awake fibreopticguided or nasal intubation; rapid sequence induction; and patients undergoing neck surgery.
On the day before surgery, all patients underwent voice analysis using Praat software [15] for vowel sounds 'a' and 'i' and baseline voice parameters were recorded. All patients were kept fasting overnight and were premedicated with oral diazepam 10 mg and ranitidine 150 mg the night before and 2 h before surgery.
Recruited patients were randomly allocated on the morning of surgery to either bougie-guided or wireguided intubation using computer-generated block random numbers. A 14F and 70-cm-long Frova Intubating Introducer (Cook Incorporated, Bloomington, IN, USA) was used in the bougie-guided group and a non-kinking guide wire was used in the wire-guided group to assist tracheal intubation using the same MRSC tube of 7.5 mm internal diameter (ID) in both groups. A 150-cm-long non-kinking nitinol guide wire with 0.97 mm diameter (Sensor dual-flex TM PTFEcoated nitinol wire with straight hydrophilic tip, M0066703120, Boston Scientific Corporation, Natick, MA, USA) compatible with the channel in the wall of the tube was used in the wire-guided intubation group [14] . Airway management was undertaken by an anaesthetist experienced in using the MRSC tube with the wire technique for 10 intubations.
An 18G intravenous (i.v.) cannula was inserted and baseline ECG, blood non-invasive pressure (NIBP) and oxygen saturations (SpO 2 ) were monitored. General anaesthesia was induced with i.v. fentanyl 2 lg.kg In the bougie-guided group, the bougie was introduced into the trachea and the MRSC tube was railroaded over the bougie. In the wire-guided group, the MRSC tube was pre-loaded over the lubricated nitinol guide wire through the channel of the MRSC tube with enough length of the wire beyond the tip of the tube. The guide wire was then advanced beyond the glottis into the trachea while the other end was steadily supported by an assistant. In both groups, the upward lifting force on the laryngoscope handle was released and the handle was disengaged from the glottis but the blade was kept in the oral cavity, leaving the tip in the vallecula. In cases of inability to railroad the MRSC tubes in any patient, the tube was slightly withdrawn and rotated 90°clockwise or anticlockwise then advanced through the glottis. Whenever the rotation manoeuvre failed, the laryngoscope blade was reengaged with the handle and re-opened at the hinge to create extra space to pass the tube through the laryngeal inlet.
Haemodynamic variables before and after intubation, the success/failure of intubation at the first attempt and the need for re-use of the laryngoscope blade was noted.
After completion of surgery, residual neuromuscular block was antagonised with a mixture of neostigmine (2.5 mg) and glycopyrrolate (0.4 mg) i.v. and tracheal extubation was performed when the patient was fully awake with adequate respiratory effort.
A telelaryngoscopic evaluation by an Ear, Nose and Throat (ENT) surgeon blinded to the technique used for intubation was undertaken to assess for laryngeal trauma in all patients 12 h after surgery. Laryngeal trauma was graded on a 4-point score (grade 0, no injury to glottis, supraglottis and absent vocal fold oedema grade 1, mild abrasion in glottis or subglottis and mild vocal fold oedema; grade 2, lacerations involving glottis or supraglottis with mucosal oedema but both cords are mobile; grade 3, lacerations involving glottis or supraglottis with mucosal oedema and restricted mobility of the cords without airway compromise; grade 4, lacerations involving glottis or supraglottis with mucosal oedema and restricted mobility of the cords with inadequate glottic airway). On the first postoperative day, a blinded investigator (TM) interviewed patients for the presence of any pharyngolaryngeal complaints in terms of sore throat, hoarseness, dysphagia and dysphonia, and all patients underwent voice analysis with Praat software as they had pre-operatively.
The phonetic analysis was performed using Praat software version 6.0.35 (available free from its website www.praat.org, with source code distributed under General Public licence) [15] . The patient's voice was recorded in a noise-isolated room using a microphone placed 15 cm away from patient's mouth. Sustained phonation of vowels 'a' and 'i' at a comfortable pitch and loudness was done by each patient for 3 s. Acoustic variables like jitter, shimmer, fundamental frequency (F0; the number of times the vocal cord vibrates per second) and harmonic-voice ratio (HNR) were evaluated as indicators of voice perturbations (Fig. 2) . Jitter is the cycle-to-cycle variation in fundamental frequency or a measure of frequency perturbation; vocal jitter is a measure of vocal stability, increase in jitter results in a hoarse, harsh or rough voice quality. Shimmer is a measure of amplitude perturbation [16] ; when excessive, leads to a hoarse voice. An increase in jitter and shimmer represents an increase in cycle-tocycle micro-perturbations in frequency and amplitude of voice, indicating impaired vocal cord function [17] . Harmonic-voice ratio is a measure that quantifies the amount of additive noise in the voice signal; the ratio of periodic to aperiodic frequencies in the voice. The aperiodic frequencies are the measure of noise in the voice. A decline is suggestive of an increase in noise and manifests as hoarseness.
As there were no studies comparing wire-or bougie-guided intubation, we conducted a pilot study on a manikin with 30 participants. This pilot study did not show a difference in the success rate of intubation between the two groups. Hence, a meaningful sample size could not be calculated from the pilot study using success of intubation as the primary outcome. Therefore, we designed this study with pharyngolaryngeal complaints as the primary outcome. Data from our institute indicated an incidence of pharyngolaryngeal complaints of 47% with bougie-guided intubation. Assuming a reduction in these with wire-guided intubation by 50% to be clinically meaningful, at p < 0.05 and with power of 80%, we required a sample size of 59 in each group. Considering a 5% drop out rate, the total sample size was calculated as 124.
Incidences and success rates were compared using the Chi-square test. For binomial incidences, we estimated the 95%CI as described previously [18] . Paired student's t-tests were used to compare the pre-and postoperative voice parameters in the two groups. Hemodynamic parameters were analysed using repeated measures analysis of variance (ANOVA) and Bonferroni's test for post-hoc significance. All statistical tests were two-tailed and p < 0.05 was taken as significant using SPSS statistical software (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY, USA).
Results
Out of the 124 male patients enrolled in the study, three patients could not be intubated tracheally using either of the two techniques, and videolaryngoscope-guided intubation was performed. One of the patients was lost to follow-up as shown in Fig. 3 . Patient characteristics were comparable in both groups ( Table 1) .
The incidence of laryngeal trauma on telelaryngoscopy was limited to only grade 1 in all patients. However, a higher incidence of laryngeal trauma was observed in the bougie-guided group (45%) when compared with the wire-guided group (26.7%), p = 0.02. Similarly, the incidence of pharyngolaryngeal complaints like dysphagia, dysphonia, sore throat, and hoarseness of voice, were higher in the bougie-guided group (48.3%) than in the wire-guided group (28.3%; p = 0.01, Table 2 ).
The acoustic parameters (fundamental frequency, jitter and shimmer) for both vowels were more affected in the bougie-guided group when compared with the wire-guided group (all p < 0.05; Table 3 ). In the bougie-guided group, jitter and fundamental frequency for vowel 'a' in postoperative period showed a significant change from pre-operative values (p = 0.01 and 0.01, respectively, for each) and a similar pattern was noted for vowel 'i' (p = 0.002 and 0.0001, respectively; Table 3 ). In the wire-guided group, only jitter for vowel 'i' exhibited a significant difference postoperatively when compared with pre-operative value, p = 0.02.
The first-attempt intubation success rate was 95% (95%CI 87-98.7%) in the bougie-guided group and 93.3% (95%CI 84.7-97.8%) in the wire-guided group, respectively, p = 0.5. In the wire-guided group, 12% patients (95%CI (6-22%) required opening of the laryngoscope blade in contrast to 5% (95%CI 1-13%) in the bougie-guided group, p = 0.16 (Table 2) .
A significant and sustained rise in mean blood pressure and heart rate were noted from after the first 3 min following intubation in both the bougie-and wire-guided group (Fig. 4 ; p < 0.05), but there were no differences between the groups. A post-hoc power analysis for the percentage of pharyngolaryngeal complaints obtained in the two groups showed the study had an overall power of 63.2%.
Discussion
Our study has shown that patients had a lower incidence of pharyngolaryngeal complaints and laryngeal trauma when undergoing wire-guided tracheal intubation compared with bougie-guided intubation, especially using voice parameter estimates.
The well-known problems of bougie-/introducerguided intubation like snagging of the tip of the tube (a problem enhanced by large gaps in diameter between the introducer and the tube), is less of an issue with the MRSC tube due to its design allowing a minimal gap between the guidewire and the guide channel. Moreover, the nitinol guidewire as an introducer is kink resistant compared with its stainless steel counterpart, thus avoiding difficulties in railroading. There is less risk of trauma and need for replacement of a bent guidewire. The tip of the guidewire is floppy; very different from the tip of a semi-rigid introducer. Importantly, the polymer coating on the guidewire keeps the frictional resistance between it and the wall of the guide channel to a minimum, facilitating smooth railroading.
The 'trauma-sparing effect' occurs because the relatively empty main lumen allows the non-reinforced section at the MRSC tube tip to fold inwards easily when negotiating the narrowest point in the larynx. This avoids impingement and lateral pressure on the larynx. In contrast, as the bougie occupies a significant portion of the lumen of the tube splinting the wall from inside, such an inward movement of the tube wall is not possible.
Glottic injury due to airway manipulation is an important cause of postoperative hoarseness [19] . A systematic review on post-intubation laryngeal complications suggests the use of acoustic analysis and selfadministered patient questionnaires as a tool to evaluate hoarseness and vocal cord injuries [20] . Frequency and amplitude perturbation measures like jitter and shimmer are probably the best indicators of post-intubation phonation changes and degree of hoarseness [21] . In addition to hoarseness, a significant decrease in the fundamental frequency in the bougie-guided group suggests an increase in vocal cord mass resulting from vocal cord oedema. None of these changes occurred in the wire-guided group.
This study had several limitations, one of which was that the post-hoc analysis confirmed that it was in fact underpowered with respect to its primary outcome. The study was limited only to patients with CormackLehane grade 1 and 2 view, so results cannot be extrapolated to difficult patients. The use of acoustic analysis has its own limitations [22, 23] . We used only a prototype 7.5-mm internal diameter MRSC tracheal tube which restricts its use in female patients (Asian Table 3 Pre-and postoperative voice parameters in both the groups for vowels 'a' and 'i'. Values are expressed as mean (SD).
Bougie-guided
Wire-guided n = 60 n = 60 population) with a relatively small larynx. As female sex is a risk factor for sore throat, our study results cannot be generalised to a female population [24] . We anticipate smaller size MRSC tubes becoming available, allowing repetition of the study in this group. The practice of disengaging the laryngoscope handle from the blade during railroading the tube over an introducer might not be universally acceptable as it may interfere with the passage of the tube through the glottis under direct vision and reduce the space available for tube advancement, which is another limitation of this study. We used thiopental for induction which is probably the commonest agent locally, so our results may not apply to those countries where its use is infrequent [25] . However, since both our groups received the same drug, our comparisons remain valid. The bougie is correctly a very common technique to use when unanticipated difficulties in intubation occur and it is unlikely our method will replace this, nor is it intended to. Rather, our technique has merit in reducing traumatic complications of tracheal intubation and we describe a method for voice analysis that should aid a more subtle detection of trauma.
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